Development of HVOF Sprayed Erosion/Oxidation Resistant Coatings for 
Composite Structural Components in Propulsion Systems 

R. Knight, M. Ivosevic, T.E. Twardowski, S.R. Kalidindi, J.K. Sutter*, D.Y. Kim** 

Department of Materials Engineering, Drexel University, Philadelphia, PA 

* NASA Glenn Research Center at Lewis Field, Cleveland, OH 
** Visiting Researcher from Hyundai Heavy Industries Co., Ltd. Ulsan, Korea 

Thermally sprayed coatings are being studied and developed as methods of enabling 
lightweight composites to be used more extensively as structural components in propulsion 
applications in order to reduce costs and improve efficiency through weight reductions. 

The primary goal of this work is the development of functionally graded material [FGM] 
polymer/metal matrix composite coatings to provide improved erosion/oxidation resistance to 
polyimide-based polymer matrix composite [PMC] substrates. The goal is to grade the coating 
composition from pure polyimide, similar to the PMC substrate matrix on one side, to 100 % 
WC-Co on the other. Both step-wise and continuous gradation of the loading of the WC-Co 
reinforcing phase are being investigated. 

Details of the coating parameter development will be presented, specifically the high velocity 
oxy-fuel [HVOF] combustion spraying of pure PMR-II matrix material and layers of various 
composition PMR-II/WC-Co blends onto steel and PMR-15 composite substrates. Results of the 
HVOF process optimization, microstructural characterization, and analysis will be presented. 
The sprayed coatings were evaluated using standard metallographic techniques - optical and 
scanning electron microscopy [SEM]. An SEM + electron dispersive spectroscopy [EDS] 
technique has also been used to confirm retention of the PMR-II component. Results of peel/butt 
adhesion testing to determine adhesion will also be presented. 


This is a preprint or reprint of a paper intended tor presentation at a 
conference. Because changes may be made before formal 
publication, this is made available with the understanding that it will 
not be cited or reproduced without the permission of the author. 
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Development of thermally sprayed FGM coating structures based on a 
polyimide matrix filled with varying volume fractions of conventional or 
nano-sized WC-Co. 



Increased # of Potential Applications 






■ LOW COST, HIGH TEMPERATURE POLYMER MATRIX COMPOSITE 
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■ Determination of the erosion-resistance, oxidation 
behavior and thermo-mechanical fatigue [TMF] 
properties. 
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Discrete Layered FGM Coating Continuously Graded FGM Coating 





Process Schematic: 



svo land 


fill v 

iSg 

1 Vffl 

pat 

l|£»r 

iSO \ 


\ 

, 2 1 
f A l-Xfw 

II \ 








■ Process History/Characteristics: 
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- (7as F/^w Rates: 400-1100 slm @ 100-140 psi. 

- Particle Speeds: 200-1000 m/s . 

- Powder Feed Rates: 15-50 gm/min. 




LabView® software controlling 2 powder feeders: 



















Feedstock Materials: 

• PMR-II [n=2; n=9l [p= 1.39 g/cm 3 ] 

- Pre-imidized molding powder. 

- Cryo-ground to particle size distribution in range ~ [-100, + 20 pm]. 

• WC-Co [o= 12.5 g/cm 3 ] 
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Matrix Degradation: FTIR; XPS; Dilute-solution viscometry. 

Thermo Mechanical Fatigue [TMF]: MTS high temp, mechanical testing. 




Mechanical crushing --> angular/blocky particle morphology. 
Screening ~> particle size distribution for spraying. 




Thermo-Gravimetric Analysis [TGA]: 








Differential Scanning Calorimetry [DSC] 





O 


35 


0) 


CM 

5 - 

QJ 

> 

a j 


1— 1 

HH 

CD 

JHF 

CP 

c 3 


s 

Oh 

CM 

<HH 

O 


0 

Vi 

bX) 

u 

0 

"TO 

^0 

<u 


C 

N 

0 

<D 

• i-i 

OS 


Vi 

<D 

g 


$»l 

* <§ 
_ W) cv> 

1 'o 

H 

-C)| 

a, 



. U 

o m 

c- X 


l 


CM 

Ph 

§ § 

a? bb 

Vi C 

2 <i> bD 

g 4- C 
o O ' 
bp £3 

=§ ° 


a 

o 

* 1—H 

bD 

D 

Vi 


cb 

a> 

43 


> i 

<4-H C3 D 
O N £ 

_i *r^ Qh 

^ <D CD 

w (-H +-> 

•55 M 

f p & 

^ o j£ 

O 

OB'S ^ 

•S « : 

-<— > CL) 

-T! CM 

Jg s ■ 

Sol 

2g | 

• • 

£ 

o 


C3 

Q 

33 

a> 


CM 

V. 

a j 
> 
a> 

- 

u 










in 

m 

<D 

O 

o . 

£*5 

a-§ 
O -c 


^ go 

o c 

'*-* '-G 
.22 03 
5- O 
<D o 


>> 

O 

^ c 
GO o 

c"! • ^ 

• S 3 .ti 

tl 55 

<D O 

22 a, 

o a) 

£ ^ 


^ o 

<L> G 
-C <L> 

G-h r- 

° C 
GO 

G 1 - 

• »-H flj 

3 « 

£ £ 
o 2 

C 05 

2 — 

« £> 

£ 15 

!* 

.O O 

G— i +■> 


O co <D 
03 co 2- 
s-n <D G 
03 O *2 
-G O £ 

° £v <D 

GO ^ ^ 

S £ £ 

••§* a 

8 | <D 

<y * a 

bfl * .5 

c 3 ^ 

+-> 

S c 3 .22 

G W o 

3^ 1 

&.sp § 

X X £ 


4 -» 

1 f -5 

co O 

rG m 


<L> 

GO 

c 

. 03 

GO ^ 

.s .s 
*•»— * * 

03 co 
(D <D 
-c 23 


3 *3 

£ ~C 

~ GO 0> 
-32 c c*> 
w T! ^ 


CO 

•§ o 

CO ^ 

C ^ 

QJ +— i 

> 03 

*c 2 

<L> 

<U »=h 

o cg 
G a j 


.52 c 

co 03 
CD o 

5-> 

co 

13 « 

“ « 


«■§ 








■ Vee-Blendins: [10 mini ■ Ball-Milling: [30 min @ 55 rpm] 
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■ PMR-II particle size reduced from initial relatively coarse [-150, +102 pm] to approx, 
the same size as the WC-Co [~ 50 pm] during ball-milling. 

■ Little or no embedding of the hard WC-Co particles into the softer PMR-II particles 
observed. 
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Max. horizontal gun [surface] speed = 9 in/s [45 ft. /min.]. 
1. 7-1.8 A = current [ A ] corresponding to the indicated 
substrate temperature. 















■ Fluorine dot-map clearly corresponded to the morphology of the particlejs] 
— > confirmed viability of proposed approach for detecting/confirming the 
presence of the PMR-II material. 







■ SEM/EDS dot maps of HVOF sprayed pure PMR-II coating: 
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Carbon Fluorine 











■ Optical Micrograph: HVOF sprayed pure PMR-II coating on PMR-15 



■ Good coating/substrate interface. 

■ Relatively low porosity. 
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■ Good coating/substrate interface. 

■ Uniform dispersion of WC-Co phase. 

■ Increased porosity on PMR-15 substrate [likely due to water vapor/gas 
evolution]. 





SEM Micrograph [100X] EDS Spectrum 

■ Successful deposition & retention of both PMR-II and WC-Co components of 
Vee-blended feedstock in sprayed deposit. 






)od coating/substrate interlace, 
vo distinct layers clearly visible. 
C-Co content does not appear 
be 50 %... Ashing in-progress. 
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sprayed. 

Initial results indicate that T substrate = key parameter influencing 
deposition & coating build-up, due to rapid heating & cooling 
characteristic of HVOF spray process. 



HVOF spraying Type 1 discrete layered & Type 2 continuously graded FGM 
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